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ABSTRACT

Background: Tliotibial Band (ITB) syndrome is a troublesome condition with prevalence as high as 12% in runners. Stretching has been utilized as
a conservative treatment. However, there is limited evidence supporting ITB elongation in response to a stretching force.

Purpose/Hypotheses: The purpose of this study was to describe the iliotibial band tensor fascia lata complex (ITBTFLC) tissue elongation response
to a simulated clinical stretch in-vitro. The authors hypothesized that the ITBTFLC would undergo statistically significant elongation when exposed
to a clinical-grade stretching regimen, with the majority of the elongation occurring within the proximal ITBTFLC region.

Study Design: Within subjects repeated measures in-vitro design.

Methods: The strain response of six un-embalmed ITBTFLCs to a simulated clinical stretch of 2.75% elongation was assessed. Four sets of array
marks were placed along the length of the ITBTFLC. Photographic images were taken in resting position (with 1.0% in-situ elongation) and with an
additional 2.75% elongation. Tissue elongation was compared between proximal, middle, and distal ITBTFLC regions.

Results: A paired samples t-test demonstrated a significantly longer ITBTFLC in the “stretched” versus resting condition (p=0.001). Significant
elongation was observed in the proximal (3.96mm (SD =1.35); p=0.001), middle (2.12mm (SD=1.49); p= 0.018) and distal (2.25mm (SD=1.37); p=
0.01) regions during the “stretched” versus the resting condition. A one-way ANOVA demonstrated a significant main effect for region (p=0.002).
The proximal region exhibited significantly greater elongation versus the middle (p=0.003) and distal (p=0.007) regions, with no significant differ-
ence between the middle and distal regions (p=0.932).

Conclusion: The results of this study demonstrate that the ITBTFLC is capable of elongation in response to a clinically simulated stretch. The
proximal I'TB region underwent significantly greater elongation than the middle and distal regions and may be more likely to respond to “stretch-
ing” in clinical situations. Future investigation should assess the ITBTFLC load/deformation properties to determine whether a short-term clini-
cally available stretch translates into permanent tissue elongation.
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INTRODUCTION

Iiotibial Band Syndrome (ITBS) is a commonly iden-
tified clinical condition characterized by focal lateral
knee pain, which is often experienced while run-
ning and cycling. The prevalence of ITBS is reported
to be 12% in runners' and comprises 15% of cycling
overuse injuries,? often resulting in pain levels suffi-
cient to result in activity cessation. Despite the high
prevalence and impact on activity participation,
controversy persists regarding ITBS etiology, related
causal mechanisms, and treatment approaches.

Iliotibial Band Syndrome is thought to originate
from a variety of functional anatomical and activ-
ity related factors.! Anatomical factors may include
specific anatomical features and differences such as
femoral neck angle, femoral torsion, and Q-Angle.
Activity related factors such as overuse and activity
load are thought to contribute to ITBS development
and pain persistence.! The iliotibial band (ITB) is a
distal continuation of the fascia arising from the ten-
sor fascia lata (TFL), gluteus maximus, and gluteus
medius muscles.’ The ITB serves as a supportive fas-
cial structure that proximally encapsulates the TFL
muscle and spans from the iliac crest and gluteus
maximus to Gerdy’s (anterolateral tibial) tubercle.
The ITB is considered to be a lateral thickening of
the circumferential fascia lata.* The ITB longitudinal
fibers are continuous with the fascial sheath com-
pletely enveloping the lateral thigh and adhere to
the entire length of the lateral intermuscular sep-
tum that attaches onto the femur’s linea aspera, sep-
arating the anterior and posterior compartments of
the thigh.> The ITB is linked to the femur through
obliquely oriented strands of dense, regular fibrous
connective tissue.® After coursing between the biceps
femoris and vastus lateralis the ITB attaches to the
lateral femoral condyle and sends lateral retinacular
fibers to the patella.® Deep to the ITB at the lateral
femoral condyle, investigators describe the presence
of a bursa,’” retro-fascial space,® and a fat pad that is
highly vascularized, containing Pacinian corpuscles
and nerve fibers.>>® Finally, the most distal fibers
attach to the Gerdy’s (anterolateral tibial) tubercle.

The histologic structure of the ITB is consistent
with tendinous tissue,® where the amount of elas-
tic fibers within the tendon is sparse.” Despite dili-
gent review of literature, no comprehensive report

of the tensile properties of the ITBTFL complex was
found. However, a 1931 study examined cadaveric
fascia lata tissue and reported that 8-10% elongation
would lead to a structural “break”!® Gratz likened
the tremendous tensile strength of the fascia lata to
“soft steel wire of similar weight”, yet with “unex-
pected degrees of elasticity”.!” Falvey et al* showed
that hip motion (hip flexion, knee flexion, and hip
adduction) produced the most ITB strain, compared
to straight leg raise or Ober’s test position, however,
tensile properties of anatomically different regions
of the ITBTFLC in total were not assessed.

Changes in the structural characteristics and mechan-
ical properties of the ITB have been described as sub-
stantial contributors to development and persistence
of TTBS.>!13 Selected authors purport tissue dysfunc-
tion and aberrant biomechanics as causative factors
in ITBS development.'*'®* Orchard et al'” described
ITBS as an impingement between the lateral femo-
ral condyle and the ITB posterior margin at approxi-
mately 30 degrees of knee flexion just prior to heel
strike while running. The impingement event was
thought to occur as the distal I'TB repetitively moved
in an anterior-posterior direction over the lateral
femoral condyle, producing friction."”'® Conversely,
Fairclough and colleagues'® challenged the notion of
an anterior-posterior movement, and instead pro-
posed that the ITB moves in a lateral to medial direc-
tion causing lateral knee compressive forces.> These
authors reported that a relative tensioning and relax-
ation of the anterior and posterior fibers occurs dur-
ing knee flexion and extension, contributing to tissue
microtrauma and subsequent symptoms.

Management strategies have been suggested for
reducing ITB dysfunction and improving mechan-
ics, with limited evidence as to their efficacy.! Clini-
cal stretching techniques have been discussed as a
possible treatment component aimed at modifying
tissue dysfunction. However, limited evidence has
been published supporting the effect of stretching on
mechanical changes and or symptoms.'??**? Douci-
ette and Goble* reported a correlation between I'TBS
symptom improvement and increased ITB flexibility
as measured by the distance from the medial patella
to the table during Ober’s position. Conversely, other
investigators have suggested that ITB stretching is
not beneficial for reducing symptoms on a long-term
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basis.* Noehren et al® suggested that increased
closed chain hip adduction and internal rotation
moments contribute to ITB syndrome and propose
hip abductor strengthening as a management strat-
egy. Grau et al*® observed decreased hip adduction
in ITBS subjects while running and proposed hip
abductor stretches as a treatment approach. Yet,
none of these studies examined the actual mechani-
cal effects of stretching on the I'TB tissue.

To clarify the ITB stretching effect, Willet et al* dis-
covered that the mid-thigh ITB does not appear to be
the exclusive constraint to hip adduction during the
Ober’s test, with the gluteus medius, gluteus minimus,
and the joint capsule constraining adduction. While
these investigators examined I'TB behaviors that con-
strained hip adduction, no study has examined the
elongation potential of the entire ITB-tensor fascia lata
complex (ITBTFLC) during simulated clinical stretch-
ing elongation. Therefore, the purposes of this study
were to: (1) determine if the in-vitro un-embalmed
ITBTFLC elongates in response to clinical-grade lon-
gitudinal tension loading and (2) describe the elonga-
tion behaviors found in different tissue regions along
its ITBTFLC length. The authors hypothesized that the
ITBTFLC would undergo elongation when exposed to
clinical-grade stretching loads, and that the majority
of the elongation would occur at the proximal portion,
which includes the TFL muscular fibers.

MATERIALS AND METHODS

Preparatory Procedures

Six right-sided ITBTFLCs were harvested from six un-
embalmed human cadavers (3 male and 3 female)
with a mean age of 81.5 (SD + 7.8) ranging from 73 to
92 years. Cadaver characteristics including cause of
death can be found in Table 1. All cadavers were stored

Table 1. Cadaver characteristics.

at 3.9°C prior to ITBTFLC removal. In order to estab-
lish the resting tension present in the intact cadaveric
ITBTFLC, pre- and post-dissection length measures
were conducted both with and without intermuscu-
lar septum dissection. On the cadaver’s left lower
extremity, the entire ITBTFLC was exposed and the
resting length of the ITBTFLC was subsequently
determined. The resting length was determined in
the following manner: the dissecting investigator sep-
arated the ITBTFLC from the underlying structures
by cutting the intermuscular septum. The investiga-
tors then located the most distal (inferior and poste-
rior) prominence of Gerdy’s tubercle and the most
proximal insertion of the ITBTFLC into the iliac crest
(posterior fibers). A pin was placed at each location
and ITBTFLC length was measured using a tape mea-
sure to record the in-situ resting length of the ITBT
FLC. Investigators then removed Gerdy’s tubercle
(with the pin in place) and the length between pins
was measured again. The second investigator held
the tubercle and the ITBTFLC in place with sufficient
tension to remove slack while avoiding a detectable
stretch. The average of three measures was recorded
both before and after tubercle dissection. Following
these measurements, the ITBTFLC was removed
along with a small portion of the iliac crest.

The difference in ITBTFLC length between the pre-
and post- Gerdy’s tubercle dissection was divided by
the original length (before dissecting Gerdy’s tuber-
cle from the tibia) and multiplied by 100% to cal-
culate the TTBTFLC percent change in length after
removing Gerdy'’s tubercle from the tibia under each
of the two dissection methods. The following for-
mula was used for this calculation:

Length (Original) ~ Length
Length

(Gerdy's cut)

X100

%ALength =

(Original)

Subject Number | Age | Sex Cause of Death and Comorbidities

1 89 Female | Complications of vascular dementia, COPD

2 92 Male COPD, CAD, CHF, CAV

3 76 Female | COPD, CAD, CHF, West Nile Virus, Post-Polio Syndrome,
Adult Failure to Thrive

4 83 Male CVA, HTN

5 73 Female | Pancreatic Cancer

6 76 Male Failure to Thrive, Dementia, Crohn’s Disease, prostate Cancer

COPD = Chronic Obstructive Pulmonary Disease, CAD = Coronary Artery Disease, CHF = Congestive Heart Failure,

CAV = Cardiac Allograft Vasculopathy, CVA = Cerebrovascular Accident, HTN = Hypertension
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This calculation represents ITBTFLC in-situ elonga-
tion and was used to “pre-tension”/mimic the in-situ
length of ITBTFLC prior to the simulated “clinical
stretching” protocol.

The in-situ “clinical stretch” elongation percent was
calculated in a similar manner to the in-situ resting
length (described above) by measuring changes in
ITBTFLC length from resting position to full hip adduc-
tion in the frontal plane. Pilot testing involved one
intact cadaveric specimen with the ITBTFLC exposed
from the iliac crest to the distal insertion at Gerdy's
tubercle. The cadaver was positioned supine with the
non-testing lower extremity in hip and knee flexion.
Resting length of the ITBTFLC was then measured.
The non-testing lower extremity was then flexed at
the hip and knee and positioned over the testing leg
with the foot positioned lateral to the testing side leg.
One investigator stabilized the pelvis while a second
investigator adducted the testing lower extremity
with maximum force with force placement just distal
to Gerdy’s tubercle. A third investigator re-measured
the TTBTFLC length with maximal adduction in this
position resulting in a 2.75% increase in ITBTFLC
length compared to resting. This testing position was
most similar to “Stretch A” as described by Frederic-
son and colleagues (2002).” Based on the relatively
benign nature of this stretching position and its sim-
ilarity to actual clinical stretches, it is unlikely that
this 2.75% elongation would produce injury.

Two custom-made clamping devices were fabricated
using a commercially available two-part resin mate-
rial with an abrasive surface secured to each side of
the clamping devices to prevent specimen slippage.
Once harvested, ITBTFLC specimens were stored at
-18°C until 12 hours prior to data collection when
they were transferred to a different storage device
and held at 3.9°C. Four hours prior to data collec-
tion, each specimen was allowed to warm to room
temperature (19.8°C). All specimens were carefully
cleaned, removing adipose tissue and muscle fibers
that could have interfered with visualization of the
ITBTFLC or altered the mechanical properties of the
tissue. Specimens were then lightly cleaned with a
70% isopropyl alcohol solution using a soft cloth.
Specimens were excluded if observable abnormali-
ties or damage was observed after they were cleaned.
Specimens were placed flat on a hard surface and

1.0mm diameter markers were arranged and drawn
in a 4-marker array positioned on the lateral surface
of the specimen at the following sites (Figure 1): (1)
Marker Array 1- distal marker positioned just distal
to the musculotendinous junction between TFL and
ITB; (2) Marker Array 2- distal marker positioned
250mm distal to Marker Array 1; (3) Marker Array
3- distal marker positioned proximal to marker 1,
50% of'the distance from marker 1 to the most proxi-
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Figure 1. Placement of Marker Arrays in cadaveric ITBT
FLC. M1 = Marker Array 1, M2 = Marker Array 2; M3 =
Marker Array 3; M4 = Marker Array 4; IC = Iliac Crest; GT =
Gerdy’s Tubercle
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mal end of the TFL insertion at the iliac crest; and
(4) Marker Array 4- distal marker positioned distal
to marker 2, 50% of the distance from marker 2 to
the most distal end of the ITB insertion at Gerdy's
Tubercle. Each of the three regions were anatomi-
cally unique, with the TFL present in the proximal
region, the middle region being attached to the linea
aspera via the intermuscular septum, and the distal
region absent of muscle fibers and having less attach-
ment to the linea aspera versus the middle region.
Approximately 50% of the TFL resided between
Marker Array 1 and Marker Array 3 with the other
50% falling proximal to Marker Array 3. Addition-
ally, while the ITB in this area serves as an attach-
ment to the gluteus maximus, all gluteus maximus
fibers were removed prior to testing.

Investigators mounted each ITBTFLC specimen into a
10 kN material testing system (MTS; MTS Systems Cor-
poration, Eden Prairie, MN, USA) using custom-made
clamping devices. The ITBTFLC was mounted with the
distal end in the upper bracket and the bony ends of the
ITBTFLC just outside the clamping devices to further
prevent material slippage (Figure 2). A 12.2-megapixel
digital camera (Canon Rebel xsi eos 450D, 18-55mm
zoom lens; Canon U.S.A., Inc) was used to capture
images. The camera was placed approximately one
meter from the plane of the ITBTFLC, with the focal
point centered at the specimen’s midpoint.

Each specimen was mounted in the MTS to a prede-
termined (1%) in-situ elongation and an image was
captured. This 1% strain was established through the
calculation of the mean ITBTFLC length difference
between intact Gerdy’s tubercle and cut Gerdy’s
tubercle during specimen harvesting as described
above. Once mounted in the MTS and pre-tensioned,
the full length of the specimen was recorded. Next,
the specimen was elongated at five mm/second
to the simulated “clinical stretch” that equaled an
additional 2.75% strain as determined by in-situ
cadaveric pilot testing described above. This “clini-
cal stretch” position was beyond the pre-tensioned
1% in-situ state and maintained by the MTS device
for 40 seconds. Afterward, the tissue was returned
to the in-situ resting length for an additional 40 sec-
onds. The simulated stretch protocol was repeated
an additional three times. During each stretch pro-
tocol, the length was maintained for 40 seconds to

Figure 2. Mounting the ITBTFLC in the Materials Testing
System. “A” represents the distal ITBTFLC end and “B’ repre-
sents the proximal end. Arrows indicate the direction of
mechanical lines of force produced by the MTS.

mimic a clinical stretch scenario. A second image
was captured at the end of the fourth stretch cycle
with the specimen still in the loaded position. After
the image was captured, the investigator returned
the ITBTFLC to the in-situ resting length. Images
were imported into and analyzed using a custom
MATLAB (The MathWorks, Inc, Natick, MA, USA)
program designed to calculate: 1) overall ITBTFLC
elongation; and 2) elongation for each ITBTFLC sec-
tion. Marker locations were identified by the investi-
gator in both images (pre-and post-stretch cycle) and
region lengths were calculated with consideration to
both vertical and horizontal change using marker
coordinates. Elongation was then calculated by com-
paring pre- to post-stretch cycle region lengths.

Statistical Methods
All data were analyzed using IBM SPSS version 21.0
for Windows (IBM Corp. Armonk, NY). Descriptive
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statistics were calculated to summarize the demo-
graphic characteristics of the sample. Skewness,
kurtosis and the Shapiro Wilk test were used to
establish data normality. A paired samples t-test was
used to determine if a difference existed between
the simulated in-situ length and the length after the
simulated stretch protocol. A one-way ANOVA was
performed to identify significant main effects for the
ITB region. Tukey’s post-hoc pair-wise comparison
was used to identify the locations of significant dif-
ferences. Significance was set at oo = 0.05 for all sta-
tistical comparisons.

RESULTS

All variables were normally distributed as defined
by meeting at least two of three criteria (Shapiro
Wilk test p-value >0.05, skewness between -2 and
+2 and kurtosis between -2 and +2). The ITBTFLC
was significantly elongated (t=-6.753; p=0.001) in
the “stretched” condition (381.62 + 39.58 mm, 95%
CI 349.95 - 413.28) versus resting condition (373.03
+ 39.45 mm, 95% CI 341.46 - 404.60), representing
an average elongation of 2.3% between the most
proximal (M3) and distal (M4) regions. The one-
way ANOVA demonstrated a significant main effect
for ITBTFLC region [F(2,15)=9.589; p=0.002]. The
post-hoc pairwise comparison tests (Figure 3) dem-
onstrated that the proximal region strain (4.45 +
1.79% 95%, CI 3.01 - 5.88; includes the TFL) was
significantly greater than the middle (1.42 + 1.02%,
95% CI 0.60 - 2.24; p=0.003) or distal (1.70 + 1.00%

Segment Strain

Strain %

Distal Middle
ITBTFLC Segment

Proximal

Figure 3. Strain of each ITBTFLC segment with 95% confi-
dence intervals.

95% CI 0.9-2.49; p=0.007) strain values, while there
was no significant difference between the middle
and distal strain values (p=0.932). Average force
required to produce 2.75% initial elongation of the
initial specimen was 79.15 N + 41.05. After the ini-
tial 40-second simulated stretch cycle, the average
force was 61.81 N + 34.13. Visual specimen inspec-
tion did not reveal obvious tissue damage resulting
from the 2.75% elongation protocol.

DISCUSSION

Results of this in-vitro study demonstrate that the
ITBTFLC complex is capable of undergoing elonga-
tion (mean: 2.3%, range:1.1-3.5%) during a clinical-
grade longitudinal tension loading protocol, and that
significantly greater elongation was found in the
proximal region when compared to the middle and
distal regions. Initial testing during ITBTFLC speci-
men harvesting demonstrated a 1% resting elon-
gation in-situ and an additional 2.75% elongation
during an in-situ simulated clinical stretch compared
to in-vitro length. These same elongation values
were used during the “simulated stretch” protocol.
Although the outcomes of this study demonstrated
greater elongation than those presented in the study
by Falvey et al,* which demonstrated a 0.23 + 0.18%
mean elongation during a maximum voluntary hip
abductor contraction, both studies demonstrate min-
imal elongation in the ITB itself. While the proxi-
mal region (including the TFL) lengthened by 4.45%
in the current study, the middle and distal regions
elongated by only 1.42% and 1.7%, respectively.
The presence of the TFL in the proximal region was
likely a factor contributing to the greater elongation
observed in this region in the current study, where
the location of greatest deformation occurred at the
apparent pathway of least resistance, localized in
the TFL and its connection with the ITB. This may
correspond with the transition from muscle tissue to
dense, regular fibrous connective tissue in the spe-
cific area.®> Within the range of loads tested in the
present study, the outcomes suggest that most elon-
gation will occur in this (proximal) region versus
other regions of persistent higher stiffness. While
not statistically significant, the distal region length-
ened slightly more than the middle region. Since the
intermuscular septum was not present in the cur-
rent study, speculation regarding the influence of
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this ITBTFLC attachment on the elongation pattern
in-vivo or in-situ is not possible and should be consid-
ered for further study.

Many different treatment options other than stretch-
ing have been suggested for use to increase ITB
extensibility. These include, but are not limited to,
osteopathic manipulative treatment techniques that
include a counterstain technique,®® self-adminis-
tered myofascial release techniques utilizing a foam
roll, 2% and myofascial release techniques that are
manually applied by a therapist.?» However, any con-
temporary recommendation supporting the use of
these approaches can only be based on clinical expe-
rience and speculative conclusions in the absence of
rigorous clinical data. Future research should exam-
ine the mechanical, neurophysiological, and clinical
impact of such strategies.

Stretching is a common intervention utilized to
affect elongation of the ITB. Little consensus exists
regarding the structural impact of ITB stretching on
the actual tissues. Different investigators®***' have
suggested that I'TB fibers can be stretched by observ-
ing decreased ITB width during a modified Ober’s
maneuver. While both studies found that in-vivo ITB
width narrowed during the test, they did not examine
actual ITB longitudinal elongation response. Other
investigators have examined the effects of stretch-
ing on ITB longitudinal deformation in cadaveric
specimens. Matsumoto et al.*? used cadaveric selec-
tive cutting to discover that ITB superficial fibers at
the mid-thigh level create a notable constraint to ITB
elongation under a stretching load. Using mid-thigh
ITB strain-gauge measures in unembalmed cadav-
ers, Falvey et al.* observed less than five percent ITB
deformation occurred during the Ober test and hip
flexion-adduction-external rotation and questioned
whether stretching produces appreciable clinical
stretch or strain and, moreover, whether or not it
is capable of producing a lasting ITB lengthening
effect. However, these investigators focused their
evaluation on the middle portion of the ITB, not the
entire ITB length.

While ITBTFLC “stretching” has been shown to be
clinically beneficial,** based on the paucity of com-
prehensive ITBTFLC tensile strength data, it is diffi-
cult to determine where clinical stretching protocols
fall relative to the load/deformation curve for this

specific tissue. Clinical stretching protocols may pro-
duce tissue elongation that falls within the elastic
range of tissue deformation, leading to temporary
clinical benefits, however, more research is needed
to definitively resolve this question. Additionally, it
is unlikely that short term “clinical stretching” pro-
duces permanent ITB deformation and as a result,
other factors such as neuromuscular control changes
may contribute to perceived clinical benefits.*
Future in-vivo research should examine the effects
of a long-term stretching program on I'TB stiffness,
thus allowing for longer termed effects such as colla-
gen deposition and cellular level processes involved
in tissue healing and regeneration.

Although the current study’s findings are in agree-
ment with those of Falvey et al* demonstrating
minimal stretching of the ITB, these findings are
in contrast to those of Frederickson et al,? who
suggested that three different ITB stretch posi-
tions resulted in considerable ITB lengthening. It
is important to note that these authors measured
lengthening using 3-D motion analysis in-vivo,
which may have resulted in marker movement due
to skin movement in relation to underlying bony
landmarks. While these authors reported in-vivo ITB
lengthening of 9.84-11.15% using surface markers,
direct ITBTFLC elongation measurements using a
simulated clinical stretch during limited pilot testing
in preparation for the current study resulted in only
2.75% elongation. However, the pilot testing stretch
procedure was similar to stretch “A” by Frederickson
et al,” which resulted in 9.84% elongation in their
study. Based on analysis of data from the current
study as well as the study by Gratz,' it is likely that a
deformation of 9.84-11.15% could result in clinically
significant ITB tissue damage.

There are a few limitations to this study. Tissue
properties may be slightly different for in-vivo versus
in-vitro specimens; however, it is difficult to accu-
rately assess the direct length of all three portions
of the ITBTFLC in-vivo. While the tissue used for
the present analysis was harvested from a specimen
sample that was older than those individuals who
would likely develop ITB pain, it is difficult to obtain
cadaveric tissue samples from a younger population
for testing. The inclusion of the TFL tissue in the
current study limits the ability to apply the findings
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specifically to ITB tissue tensile properties in the
absence of TFL elongation. Future studies should
examine the ITB in the absence of the TFL to bet-
ter understand the isolated ITB tensile properties.
Moreover, future research should examine the influ-
ence of tensile properties in tissues surrounding the
ITBTFLC. Finally, the cadaveric nature of this study
does not allow for assessment of muscular tone
influence on ITBTFLC elongation. Future studies
should develop means to examine changes in stiff-
ness and deformation within the ITBTFLC in-vivo.
Future studies should also examine the load defor-
mation behavior of the ITBTFLC and the influence
of the intramuscular septum on ITBTFLC behavior.

CONCLUSION

The results of the current study suggest that the
ITBTFLC is capable of tissue elongation under nor-
mal physiologic loads that simulate a clinical stretch-
ing protocol. It is uncertain whether this “stretch”
translates into sustained, clinically meaningful tis-
sue elongation. Greater lengthening occurred in the
proximal region of the ITBTFLC, suggesting that
the proximal region (containing the TFL) is more
likely to undergo elongation in response to a clinical
stretch force when compared to the middle or distal
regions. The increased lengthening response in the
proximal region may be due to the presence of the
TFL. Results of this study do not challenge the per-
ceived clinical benefit of ITB stretching, but suggest
that benefits may be related to changes at the level
of the TFL as opposed to the ITB proper.
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